The disparity between willingness to accept (WTA) 
Introduction
The effects of air pollution on health are very complex as there are many different sources, and their individual effects vary from one to the other. In order to assess the loss of economic utility associated with the health, one has to use an economic valuation method. This would include expenses such as medical costs and lost income (often referred to as cost of illness), and less tangible effects on well being such as pain, discomfort and restriction of everyday activities. One way of assessing the economic utility loss is to ascertain the individual maximum WTP for the reduced incidence of illness and adverse symptoms (Ayers and Maynard, 2004) . The other way of assessing the economic utility loss is to calculate the amount of money for which people are willing to accept (WTA) a certain level of health risk. However, both methods are trying to measure health loss in terms of money.
In welfare economics it is similar to the rate of substitution between health and wealth of the individual (Freeman, 2003; Isik, 2004) .
Although WTA has been regarded as the appropriate measure theoretically, in practice, WTP measures are usually used because of the difficulty in getting accurate WTA results 3 (Pearce and Markandya, 1989; Dubourg et al., 1994) . It is often difficult to ask willingness to accept compensation questions in a way that realistically simulates a market. As a result there are only few studies available in the literature that uses WTA method to evaluate risk of air pollution. Hypothetically, WTP estimates can underestimate while WTA can overestimate the reality (Coursey et al., 1987; Hanemann, 1991) . Although much theoretical as well as empirical work has been done covering various aspects of WTP there is still a considerable lack of understanding of what difference of the value could be observed between actual situation (cost of illness) and WTA compensation. Against this background, the main objective of this study is to obtain reasonable estimations of peoples' willingness to accept as the compensation for the health risks of industrial air pollution. The specific objectives are (to): compare the discrepancy between willingness to accept compensation and opportunity cost of health risk 4 , and analyze the determinants of WTA compensation. While many economists and policy makers prefer the WTP approach for this type of analysis, there are two reasons for using WTA method in this study. Firstly, from a theoretical perspective, property rights to a clean environment are assumed to belong to the ordinary people and consequently environmental losses should be evaluated using a WTA measure. Secondly, as suggested by Kahneman et al. (1990) , individuals value losses more highly than gains, willingness to pay estimates could severely understate value. This means that the real value should be in between WTP and WTA estimations. Our purpose is not to analyze the divergence between WTP and WTA. Instead we analyze the deviation of WTA from opportunity cost of health risk estimates.
The paper is organized as follows. The following section provides some of the literature that use CVM method to analyze the health impacts of air pollution in developed as well as developing countries. The theoretical models by laying out the econometric equations and discusses particular elicitation procedures of the contingent valuation methods are presented in the third section. While the fourth section presents the estimation results, the last section presents the main conclusions from our analysis with respect to the design of practical CVM surveys.
Literature Review
Air pollution has been causing a substantial burden of ill health in many countries (Schwartz, 1994) . Costs to a society arising from air pollution include damage to human health, work income lost to illness and the value of the discomfort associated with illness. Of those increased premature mortality and morbidity are generally considered to be the most serious consequences of air pollution in many industrial societies (Ostro, 1994) . Therefore it is appropriate to use damage to human health as the primary indicator of the seriousness of air pollution. Krupnick et al. (1990) investigate the daily acute health effects in adults and children associated with daily exposure to ozone and other air pollutants. They find statistically significant and robust effects of ambient ozone concentrations on daily reported respiratory symptoms among healthy non-smoking adults but not among smokers or children. Schechter and Kim (1991) estimate the valuation of benefits for morbidity reduction associated with air pollution abatement. They use both direct (contingent valuation) and indirect valuation approaches and then proceeds to compare the estimates of welfare changes obtained under these two distinct approaches. Ostro et al. (1993) investigate the acute effects of air pollution in 321 non-smoking adults residing in Southern California. They found a significant association between the incidence of lower respiratory tract symptoms and 1-hour daily maximum ozone levels and ambient sulfates but no association was found with coefficient of haze, a more general measure of particulates. In addition, ozone appears to have had a greater effect among individuals with a pre-existing respiratory infection. Ostro (1994) describes a method for quantifying the benefits of reduced ambient concentrations of pollutants and applies the method to data on Jakarta. According to him the magnitude of the benefits of pollution control depend on the level of air pollution, the expected effects on health of the pollutants (dose-response), the size of the population affected and the economic value of these effects. Krupnick et al. (1996) estimate the benefits of environmental improvements related to the effects of air pollution on human health in Central and Eastern Europe (CEE). Alberini and Krupnick (1998) analyze the daily health status for over 900 residents of three urban areas in Taiwan. They elicit people's willingness to pay to avoid episodes of illness. Alberini and Krupnick (2000) compare cost-of-illness and willingness to pay (WTP) estimates of the damages from minor respiratory symptoms associated with air pollution, using data from a study in Taiwan. According to them WTP is greater than the cost-of-illness estimates depending on pollution levels. It is widely recognized that the cost of illness and averting expenditure provide only a lower bound for the correct measure of willingness to pay (Harrington and Portney, 1987; Alberini and Krupnick, 2000) . The few empirical studies have directly queried individuals about their willingness to pay to avoid illness, and have compared willingness-to-pay (WTP), figures with cost-ofillness, (COI), figures.
In some studies (Krupnick and Portney, 1991) primarily the costs of productivity loss and health care use are estimated. Delucchi et al. (2002) compare the estimates of the health and visibility costs of air pollution derived from a meta-hedonic price analysis, with an estimate of health costs derived from a damage-function analysis. According to them the hedonic price analysis does not capture all of the health costs of air pollution because individuals may not be fully aware about all of the health effects.
Meanwhile, various studies undertaken by regulatory agencies and researchers in Sri Lanka have clearly indicated that inefficient and unregulated small-scale industries like limestone, stone-pits and ceramics plants in rural areas are the primary cause of growing air pollution. Lack of information on economic and environmental costs and effects of these damages have impeded the implementation of existing laws and regulations, and the formulation of new regulations in this field. Policy-oriented research in these areas will contribute to a better understanding of the problem and the introduction of effective control measures. However, an extensive literature search revealed no such attempt in Sri Lanka or any other developing countries. Moreover, above literature review reveals that there are a fair number of studies that have measured pollution and personal exposure or health risks. Almost all those studies directly use WTP approach to calculate the value of health benefits. This is one of the principal limitations of the available evidence on the health impact of air pollution exposure in developing countries. In contrast to other approaches this study applies the WTA approach to examine the health risks.
Research Method and Data
According to model introduced by Harrington and Portney (1987) an individual's well-being increases with aggregate consumption (C) and leisure (L), but is negatively affected by sick days (S).
Where the utility is increasing with C and L while it is decreasing with S. Z is a vector of individual characteristics capturing preferences for income, leisure and health (Alberini and Krupnick, 2000) . The relationship between pollution (P) and health outcomes (S) can be summarized into a dose-response function. Assume that health outcomes is a function of pollution level (P) and averting expenditure (A).
S = S(P, A; Z S )
(2) ∂S/∂A < 0 and
∂S/∂P >0
It is expected that the number of sick days is negatively related with averting expenditure (A) while it is positively related with pollution level (P). Assume that the individual allocate his total time (T) between work (W) and leisure (L) and spend income on aggregate consumption, medical care and averting activities. Individual choose the level of C, L and A to maximize utility subject to the following budget constraint.
Y + w[T -L -W(S) ] = C + P m M(S) + P a A (3)

Y + wT = C + P m M(S) + P a A + wL + wW(S)
Where P m , P a are price of medical care (M) and averting activities (A) respectively while w denotes wage rate. The price of a unit of the aggregate consumption good is normalized to one. This budget constraint assumes that individual allocate his time between work and leisure. The left hand side of the equation 3 gives the sum of income earned by working and the value of the leisure while the right hand side of the equation gives the total possible expenditure.
5 According to the equation three, time allocation to work as well as medical care expenditure is expressed as a function of the number of sick days. Using above simple utility maximization problem Harrington and Portney (1987) and Alberini and Krupnick (2000) decompose the willingness to pay for a small change in pollution as follows.
Equation 5 says that WTP can be expressed as the product of the dose response function (dS/dP) times the marginal value of illness. The term in brackets is the marginal value of illness, broken down into its four main components. Accordingly marginal value of illness is comprised of the values of marginal lost earnings (dW/dS), marginal cost of medical expenditures (dM/dS) and of the marginal cost of the averting activities (dA/dS). In addition WTP includes the disutility of illness (U S /λ), converted into money value through dividing by the marginal utility of income. We use this basic theoretical model, but in slightly different way to assess the willingness to accept to bear the existing pollution level. The information about the level of pollution is not available in that area. As a result we assume that individual WTA is a function of lost earnings, cost of medical expenditures, cost of the averting activities and some household characteristics which includes household income, education level, age, sex, environmental attitudes 6 and proximity of the house to the industry.
The present study uses Dichotomous-choice method to collect the data. In this approach a sample of individuals receives randomly assigned prices for the compensation to the health damage. After describing possible illness episode in detail, the respondent was asked a valuation question with explaining of his own budget constraint. Each of these questions presented a specific monetary amount and asked whether the respondent was prepared to accept such an amount to entirely avoid this recurrence. For example, the analyst asks the question 'are you willing to accept X amount as the compensation to bearing the existing health risks of the air pollution arising and escalating in this area'. In this method each respondent receives one randomly-drawn price. Respondents are then asked to state whether they would be willing to accept it or not. 'yes' means willing to accept and 'no' means not willing to accept. In this format, respondents are given a 'take it or leave it' offer. The monetary amounts that are presented to respondents are decided from the pilot survey. Accept/reject respondent probability then is calculated for each monetary amount offered (Gunatilake, 2003) . The statistical model can be used to estimate a probability of acceptance curve for each identified group within the sample. Yes (1) or no (0) will be used as dependant variable with the bid and other socio-economic determinants of the acceptance/rejection of the bid as the independent variables. Mean Willingness to Accept (MWTA) is calculated by dividing the intercept by the coefficient of the bid level in the estimated Logit regression model. Mathematical derivation of this method is given by Haneman (1991) 7 .
Our data were analyzed using two regression models. In the first regression model we use Logit model to explain the behaviour of the dichotomous dependent variable. As we apply Logit model for individual data, we use a nonlinear estimating procedure based on the method of maximum likelihood. Following Greene (2000) and Gujarati (2003) , the Logit model can be generally expressed as
Where for the ith household, Y is known as the dichotomous variable, P i is the probability of Y= 1 and X i is a vector of explanatory variables, u i is a random disturbance term, and β is a parameter vector common to all households. For estimation purposes we can write the equation 6 as follows.
7 To understand this, assume that an individual's utility on a commodity, X and left over income that is kept for purchasing environmental goods. Accordingly utility has a deterministic component and a random component  with zero mean. Utility of the individual before answering the CVM question is : U 0 = X 0  +Y +  0 If the individual accepts the bid given to him, his utility is: U 1 = X 1  +(Y+WTA) +  1 , using these two equations, you can get the different of the utility. The Eviews econometric software package (Version 6) was used to obtain the maximum likelihood estimates for the regression parameters. In the regression model we use the information of all households who accepted the given bid and estimate WPA bid value as a function of some of the explanatory variables using OLS method. The parameters in this model directly give us basic determinate of accepted bid values of household for bearing existing health risk.
The present study is purely based on primary data using survey research technique. A survey was carried out by covering 294 households who live around limestone quarries in Kandy, Matale and Kurunegala in Sri Lanka. The selection of sites for the purpose of extensive survey was carried out using information given by limestone suppliers in these districts. As only few households were located around each site, it is difficult to draw a random sample from the population. In order to maintain a sufficient number of observations, all households who were located one km distance were selected for the survey. The survey was carried out at household level including individual responses for health status, health expenditure, cultivation, indoor pollution, bad habits and attitudes on pollution level in the area. In addition to that various socio-economic information and other details such as fuel consumption pattern, cooking behaviour etc. were gathered at the same time. Village officers were consulted to validate data acquired from households and individual level. Data were collected through face-to-face interview of the head of the house along with any helping hands. However, 7 questionnaires had to be dropped out from the analysis as erroneous answers and some outliers were found.
Results and Discussion
Characteristics of individuals responding to survey are explained below (Table 1) . As the survey was carried out only on weekends, the response rate was very high. Average age of the respondents is 42 years with a minimum of 19 and a maximum of 72 years. Male respondents are 76 % while females are 14%. Salaried employment is the main income source of the sample and 68% is employed either private or government sector. Meanwhile 14% of the respondents are engaged in various businesses in the area. The mean monthly income of the respondents is Rs. 9,445. The bad habits have a significant influence on the health of people. Our survey data reveals that 37% of respondents are smoking (cigarette, beedy and suruttu). But of those only 15% is addicted to smoking. Around 6% takes alcohol everyday while another 34% is taking at most 4 days per month. Around 92% of households have accessed clean water for drinking purpose. It is found that around 74% of surveyed households use firewood for cooking while another 21% of households use gas for the same purpose. However, some households use gas as well as fire wood for cooking. Most respondents have obtained elementary and secondary education (23% and 72% respectively).
When considering the environmental damage of the limestone industry in these areas, around 62% of respondents mentioned that the limestone industry has caused severe deforestation in the area 8 . However, majority of respondents (56%) agree that the air pollution as the most important problem that the government should solve in this area. Almost all households (99%) believe that Limestone industry is the main reason for that. 31% of households suggest that the Government must intervene to solve this problem through regulation while 11% believe that people should get together and get it solved without third party intervention. However, around 40% have mentioned that they do not have any idea about the solution. Further 94% and 86% of respondents are aware that the air pollution causes illness and even death respectively. When we ask whether limestone industry causes damages for their properties, 47% accepted that this industry causes large damage or minor damage to their properties. Table 1 shows the summary statistics of the data used for the analysis and the OLS regression. Results show that the average health expenditure was Rs. 168 (month) per person and the average lost earning was Rs. 262 per person. The general information about other variables such as averting expenditure, household income, family size, number of sick days, proximity to the industry and mitigating expenditure can be significant determinants of compensation amount for bearing health risk. Descriptive statistics of those variables are given in Table 1 in order to get a general idea about our sample. Figure 1 shows the distribution of responses to offers in the form of a fitted curve. Specific offer amounts are shown on the horizontal axis ranging from the lowest price (Rs. 25) offered to the highest price (Rs. 1,000) offered in 25 increments. The vertical axis measures the percentage of respondents who answered 'yes' to the amount offered. We can interpret the responses in terms of the probability that a randomly drawn member of the sample of respondents is willing to accept a specific amount. Table  2 . Each slope coefficient in this equation is a partial slope coefficient and measures the changes in the estimated logit for a unit change in the value of the given regressor, holding other regressor constant. Among the significant variables under different significant level, bid value, medical expenditure, lost of earnings, and years of schooling have positive effects on the logit while income, age and proximity have negative effects on it. It is interesting to observe the negative relationship between WTA and income. Theoretical reason for getting such a result is that when income increases, marginal utility of money can decrease and hence the possibility of accepting of a given bid will be less 9 . The negative sign of the proximity variable confirms that the households residing farther from the limestone industry are less likely to accept compensation as their probability of getting sick is less. Among the 9 However we also may suspect that the survey suffered from inaccurate responses and measurement error in this variable. Some households may hesitate to declare the exact amount of their income in the interviews. insignificant variables, averting expenditure and environment attitudes are important. However, our observation about the averting expenditure founds that the averting activities are not commonly used in the area. Our descriptive statistics in the Table 1 also shows that average averting expenditure is very small. Insignificant attitude index suggests that willingness to accept for bearing existing health risks was independent from peoples' attitudes about the environment. However, Likelihood ratio test confirms the significance of the included variables collectively. As an alternative method, we use Probit regression method to get the coefficient. We found that there are no much differences of the results 10 . . The result clearly shows that willingness to accept value is much bigger than the opportunity cost of the health damage. When analyzing the qualitative data peoples' expectation about the future possible environmental risk that may be arisen from this industry, peoples' valuation of other environmental damage like deforestation and property damage or property value reduction 12 are found to be some of the possible reasons of getting higher WTA and hence having a big different between WTA and the opportunity cost of health damage. Although there is no direct quantitative evidence this industry is believed to have caused reduction in visibility, and damages to houses, plants and cultivated crops in the area. When expressing their WTA people can take into account all those factors although those are exogenous to our model. 
Conclusion
This study calculates the amount of money which people are willing to accept (WTA) as compensation for the prevailing level of health risk and compare the MWTA with the opportunity cost of health damage. The dichotomous choice method was used to collect the data covering a sample of 294 households who are living around limestone sites in Sri Lanka. The Logit regression model was run to calculate the mean willingness to accept (MWTA). The study also estimates determinants of household willingness to accept using the OLS method. Results showed that the average monthly health expenditure was Rs. 168 per person. We calculate the opportunity cost of health damage including loss of earning to health expenditure and averting expenditure. It is Rs. 515 per person. We find that the monthly mean willingness to accept for bearing existing health risk as Rs. 792 per person. It clearly shows that the willingness to accept value overestimate the reality, conforming to results from previous studies. However peoples' valuation of exogenous factors including future expectation can have significant impact of making divergence between those two. As a result policy-oriented research covering some of the excluded variables in our model in this field is needed for a better understanding of the problem. We also found that medical expenditure, lost earning, location of the house (proximity) and income are some of the significant determinants of willingness to accept. This general result about the overestimation of WTA drawn from our study follows that of the results of many other contingent valuation studies reported in the literature. 
Annexure
